INTRODUCTION
Thyroid hormones play a pivotal role in the growth and development of children. There are several etiologies for pediatric hypothyroidism. All of them share the same deleterious outcome including height reduction due to slow skeletal growth, constant fatigue, impaired memory, concentration difficulties, depression, abnormal menses, precocious puberty, vaginal bleeding, and recurrent ascites [1, 2] .
Bilaterally enlarged multicystic ovaries secondary to hypothyroidism have been rarely reported in adults [3] [4] [5] [6] and pediatric age group. The review of the literature resulted in fewer than 10 cases reported to date [7, 8] . In addition, acute ovarian torsion, as a complication of enlarged multicystic ovaries secondary to hypothyroidism, is rarely encountered in the pediatric age group [9, 10] .
We describe a 13-year-old girl with insufficiently treated hypothyroidism complicated by enlarged cystic ovaries, presenting with acute right abdominal pain secondary to torsion of the right ovary. We hope to increase awareness of such an occurrence in the pediatric age group with this rare case report and review of the literature.
CASE REPORT
A 13-year-old girl was referred from family medicine to the endocrinology clinic for persistent fatigue, weight gain and poor height growth over the last two years (Table I) .
History and physical examination were done. In addition, lab results that were requested from the family medicine specialist were reviewed. She was diagnosed with hypothyroidism and was started on levothyroxine 25 μg daily. It was expected that the patient would require a higher dose, however, not promptly initiated to prevent its side effects including headache and blurry vision. Thyroid function tests were to be obtained every two weeks in addition to monitoring glucose level (Table I) .
Three weeks later, the patient presented to the emergency department (ED) with a progressive severe rightsided abdominal pain, which started on the same day, associated with more than ten episodes of vomiting. Lab tests were requested and radiological studies were done. The findings were highly suspicious for right ovarian torsion and patient was taken to the operating room. Laparoscopy confirmed our suspicion and the appropriate operation was done. The hospital recovery course was uneventful. Patient's levothyroxine dose was increased from a daily dose of 25 μg to 44 μg (Table II) . On her six weeks follow-up after surgery, patient was feeling much better and a repeat pelvic ultrasound showed a decrease in ovarian size (Table III) . A 13-year-old hypothyroid patient presented with right lower quadrant abdominal pain and bilateral multicystic ovarian enlargement on sonography. The significantly enlarged right ovary and abnormal spectral arterial waveforms were highly suspicious for torsion which was confirmed by laparoscopy. Aligning with our patient's case, a recent systematic review of ovarian torsion in the pediatric population identified right lower abdomen as the most common location of pain [11] . It has been suggested that right-sided torsion predominance may be due to the ample space surrounding the right ovary in comparison to the left ovary which is confined by the occupation of the sigmoid colon [12] . Another theory is that since the right uteroovarian ligament is physiologically longer than the left, ovarian torsion is more probable to occur on the right. The presence of bilateral ovarian blood flow may have been deceptively reassuring. This may be explainable on the basis of intermittent ovarian torsion. However, Pena et al. documented that while Doppler sonography had a specificity of 100%, its sensitivity was 60% [13] . According to Albayram et al., absence of arterial blood flow was detected in only 73% of cases. Moreover, normal arterial and venous flow was demonstrated in one case (6%) out of a total of 15 [14] . There is no consensus yet on the true sensitivity and specificity of color Doppler sonography in predicting ovarian torsion. The dual ovarian arterial blood supply, the ovarian artery and branches from the uterine artery, may account for preservation of arterial blood flow [15] . Therefore, normal blood flow by Doppler sonography does not rule out ovarian torsion.
In order to establish a suspicion index for ovarian torsion in the pediatric population, one needs to be familiar with the predisposing factors. These primarily include ovarian tumors and syndromes that result in multiple or large heavy cysts such as polycystic ovarian syndrome (PCOS) and pediatric hypothyroidism. Nevertheless, it is crucial to keep in mind that appendicitis and ruptured ovarian cyst may mimic ovarian torsion. The presentation of precocious puberty and adnexal mass is highly suspicious of an estrogen-secreting ovarian tumor such as a juvenile granulosa cell tumor [16] . Rarely may CA-125 be elevated [17] . In regards to PCOS, there is no general consensus among medical societies on the definitive diagnostic criteria of PCOS. Nevertheless, polycystic ovaries alone are a nonspecific finding and can be seen in women with no endocrine or metabolic abnormalities. The 2003 Rotterdam Consensus Criteria required two out of the following three conditions: 1) oligo-or amenorrhea, 2) clinical or biochemical signs of hyperandrogenism, 3) polycystic ovaries [18] . Our patient did not have signs of precocious puberty or signs of hyperandrogenism. As such, we were left with hypothyroidism as the cause of ovarian enlargement and formation of the ovarian cysts.
Hypothyroidism may result in galactorrhea as in our patient's case. This is a consequence from the high levels of thyrotropin-releasing hormone (TRH) which induce the release of prolactin alongside thyroid stimulating hormone (TSH). Furthermore, through animal studies, it has been demonstrated that hypothyroidism induces collagen deposition within the ovarian intracellular matrix [19] . Hansen et al., were first to document myxedematous-type infiltrates in the ovary of a 16-year-old girl with primary hypothyroidism [3] . It is necessary to recognize that ovarian enlargement alone is a risk factor for ovarian torsion. Moore et al., reported ovarian enlargement as the most consistent sonographic finding in ovarian torsion [20] .
Several theories have been proposed concerning the mechanism by which hypothyroidism may induce the formation of ovarian cysts. At first it was hypothesized by Van Wyk and Grumbach that primary hypothyroidism would result in decreased feedback to the pituitary. This will result in a hyperplastic pituitary that may be releasing high levels of TRH as well as gonadotropins, mainly follicle-stimulating hormone (FSH) and luteinizing hormone (LH) [21] . However, there have been cases that reported normal levels of gonadotropins [22] . A second theory is that TSH may sensitize the ovaries to gonadotropin stimulation [23] . A third possible mechanism is that certain FSH receptor (FSHR) mutations may render them to be able to nonspecifically respond to other tropic hormones such as TSH [24] . A fourth mechanism postulated is that significant levels of TSH can bind to human FSHR and lead to activation of follicular cells. Anasti et al. showed that in an in vitro human FSHR bioassay, recombinant human TSH (rec-hTSH) can elicit a dosedependent cyclic adenosine monophosphate (cAMP) response. However, the concentration of rec-hTSH needed for half-maximal stimulation was several logs greater than that of human FSH [25] . This theory was supported by similar findings in a study carried out by De Leener et al. Unlike the third postulation, De Leener et al. observed rec-hTSH activation of wild-type human FSHR with no mutations whatsoever [26] .
CONCLUSION
In summary, the work-up of a pediatric patient presenting with enlarged multicystic ovaries should include a measurement of thyroid hormone levels. Rarely does pediatric hypothyroidism present with ovarian torsion or ovarian cyst rupture. Increased awareness of such an entity would spare a child an unnecessary surgery for ovarian cysts since they tend to resolve with thyroid hormone replacement therapy and therefore prevent from ovarian torsion.
